Objective: To assess the in¯uence of passive and light active smoking on the reduction of intrauterine growth of the foetus and on modi®cations in the body composition of the newborn. Design: Random.
Introduction
Cigarette smoking during pregnancy in¯uences several anthropometric measurements and indices and modi®es the body composition of the newborn. Cigarette smoking by pregnant women reduces birth-weight, height, cranial circumference, thoracic circumference, abdominal circumference, upper-arm length and circumference, femur length, calf circumference, triceps skinfold, non-fat area of arm and the upper-armahead circumference ratio and even placenta weight (Davies et al, 1976; Bosley et al, 1981; Harrison et al, 1983; Cliver et al, 1995; Roquer et al, 1995; Rubin et al, 1976) .
Carbon monoxide and nicotine are the main agents suspected of harming the foetus in this way. Carbon monoxide passes through the placenta by simple diffusion, though we cannot exclude the possibility that diffusion is facilitated by a protein carrier (Juchau et al, 1974) . It diminishes the blood's capacity to transport oxygen and shifts the haemoglobin saturation curve to the left, resulting in a reduction in the tension of haematic oxygen and producing hypoxia of the foetal tissue. Nicotine increases carboxyhaemoglobyn concentration and reduces placental hematic¯ow, thus causing low oxygenation of the foetal tissue (Longo, 1977) . Other mechanisms known to be harmful to the foetus include: damage to the placenta structure (Asmussen, 1977) ; the toxic effect of tobacco metabolites absorbed through the placenta (Meber et al, 1979) ; and zinc de®ciency, attributed to the increase of cadmium levels in the foetus (Kuhnet et al, 1987) .
As regards passive smoking, on the other hand, the few studies carried out on its effects on intrauterine growth have shown a negative effect on birth-weight, crown-heel length, head and thoracic circumference (Roquer et al, 1995; Rubin et al, 1986; Samet et al, 1995) .
The aim of this study is to assess the in¯uence of passive and light active smoking on intrauterine growth. Particularly on body composition, obtained by applying equations validated by methods of recognised experimental value, to the anthropometric data (Dauncey et al, 1977) .
Subjects and methods
The data were collected at the Department of the Pediatric and Gynaecological Divisions of the City Hospital, University of Verona. For six months a questionnaire (Table 1) was distributed to hospitalised women without high risk pregnancies. It contained: information on body weight during pregnancy, the mother's smoking habits (before and during pregnancy), the father's smoking habits (during pregnancy), the mother's exposure to smoking (at home or at work), alcohol and medicine consumption before and during pregnancy, placenta weight and birth-weight, present weight and height of the father.
This study excluded women with alcohol consummation during gestation, gestational diabetes, hypertension, ®rst trimester infections, drug addiction, exposure to teratogens or radiation. On the basis of the above mentioned questionnaire, and excluding preterm babies and twins, 112 mothers and as many newborn infants were selected and divided into three groups: Group 1: non-smoking and nonexposed mothers; Group 2: non-smoking but exposed mothers (with signi®cant exposure at work or at home; i.e. exposed to one smoker smoking over a packet a day, or to two or more smokers smoking 10 cigarettesad); Group 3: light active smoking mothers (smoking under 10 cigarettesad, whether or not also exposed to passive smoking).
The 112 newborn infants (60 males and 52 females) were all born after normal pregnancies, at 39.5 ( AE 1.17) weeks of gestational age: Group 1: 50 newborn infants (27 males, 23 females); Group 2: 39 newborn infants (20 males, 19 females); Group 3: 23 newborn infants (13 males, 10 females).
The babies were examined within 24 h of birth. The measurements were carried out by a team of trained assistants. Body weight of the nude infant was recorded to the nearest 5 g using an infant balance (Salus-Milano). Crown-heel length and crown-rump length were recorded to the nearest mm on a measuring board. Upper-arm length (from olecranon to acromion) and lower-arm length (from olecranon to caput radii) were recorded to the nearest mm using a caliper. Circumferences were measured with a tape measurer to the nearest mm: head (frontooccipital), chest (at the level of the nipples), upper arm (midway between olecranon and acromion), forearm (midway between olecranon and caput radii), waist (at the level of umbilicus), hip (the maximal circumference at the hips), radix of thigh (at the level of the fold below the buttock), median of thigh (midway between the fold below the buttock and the popliteal space), calf (between the popliteal space and the ankle). All anthropometric measurements were performed on the left side of the body, as mean of three estimations. No signi®cant difference was found between repeated measurements.
Skinfolds (triceps, biceps, lower-arm, subscapular, abdominal, calf) were measured using Holtain skinfold caliper according to the method of Tanner & Whitehouse, 1975 . We discarded the use of dynamic skinfold measurement, becauseÐin our experienceÐinter-and intra-operator reliability was very low. Furthermore the measurements at 15 and 60 s gave much more trouble to newborns.
Subsequently anthropometric indices, such as BMI (Body Mass Index), the Roehrer ponderal index (PI), the upper-armahead circumference ratio, the sum of all skinfolds, and the sum of calf, lower-arm and subscapular skinfolds were obtained.
Body composition (fat mass -fat free mass) according to the formula of Dauncey (Dauncey et al, 1977 ) also was estimated.
For every type of anthropometric measurement and index and data on body composition the mean and standard deviation were calculated. Subsequently the results of the three groups were analysed by variance analysis (ANOVA). Furthermore Student t-test was used to compare data of groups 2 and 3.
Informed consent was obtained from the parents of the newborns.
Results
The average weight of the newborn at birth of each group was: 3604.2 g ( AE 411.6) in the ®rst group, 3350.7 g ( AE 462.4) in the second, and 3377.8 g ( AE 403.6) in the third, showing a statistically signi®cant difference between the three groups. Statistical signi®cance was also shown in the following anthropometric measurements: crownheel length (P`0.000), upper-arm length (P`0.000), lower-arm length (P`0.000), upper-arm circumference Passive and light smoking on intrauterine growth A Luciano et al (P`0.002), lower-arm circumference (P`0.002), median circumference of the thigh (P`0.031), calf circumference (P`0.001), triceps skinfold (P`0.004), subscapular skinfold (P`0.028), sum of skinfolds (P`0.04), sum of calf, lower-arm and subscapular skinfolds (P`0.002) ( Table 2) .
There was a signi®cant difference in maternal weight gain during pregnancy (P`0.002), showing mean values for each group of: 12.7 kg ( AE 3.1) in the ®rst group, 12.8 kg ( AE 3.3) in the second, and 15.8 kg ( AE 4.2) in the third. The average values for placenta weight were: 603.3 g ( AE 120.2) in the ®rst group, 552.8 g ( AE 73.6) in the second, and 541.3 g ( AE 96) in the third, showing a statistically signi®-cant difference (P`0.001). The respective gestational ages of the three groups were not signi®cant (Table 3) .
Even the anthropometric indices considered were signi®cant: BMI (P`0.044), PI (P`0.02) and upper-arma head circumference ratio (P`0.000). The body composition values according to Dauncey estimated fat mass as 440.8 g ( AE 148.1) in the ®rst group, 345.3 g ( AE 35.3) in the second, and 333.0 g ( AE 98.1) in the third, showing a statistically signi®cant difference (P`0.001) ( Table 4) .
The t-student did not show signi®cant differences between measurements of group 2 and group 3. Statistical power of this test (a 0.05; P b 0.8) resulted signi®cant only for some of the variables: lower-arm length, upperarm circumference, calf-circumference, sub-scapular skinfold, sum of three skinfolds and maternal weight gain.
Discussion
The relationship between cigarette smoking during pregnancy and reduced birth-weight has been remarked in several studies: the greater the exposure to smoking, the greater the weight reduction. Certain authors have assumed that the reduction of birth-weight is associated with the decrease in maternal weight gain during pregnancy (owing to the anorectic effect of smoking) rather than with a direct in¯uence on foetal growth.
The data collected in this present study show that weight gain among the women of the ®rst group (not exposed) is lower than among the second and third groups (exposed to light active and passive smoking). Placenta weight among women exposed to smoking was signi®cantly lower (P0 .001). This con®rms that smoking affects the placenta and reduces its functionality. The measurements performed also show a reduction of weight in the babies exposed to light active smoking and passive smoking, compared to those of mothers not exposed to tobacco smoke, suggesting a negative in¯uence of both light active and passive smoking on the intrauterine growth of the foetus. Among the other measurements, there was also a signi®cant reduction of crown-heel, upper-arm and lower-arm lengths. On the other hand, the differences in crown-rump length and all circumferences except those of the upper and lower limbs were not statistically signi®cant.
The indices for estimating nutritional status, such as BMI (body mass index) and PI (ponderal index), and the upper-armahead circumference ratio, as well as the skinfold thicknesses were again reduced in group 2 and 3.
In this present study body fat was estimated using equations devised by authors who have validated such calculations by reliable methods such as cadaver analysis, isotope dilution analysis (H 2 O 18 ) and the hydrostatic test. We preferred to use Dauncey's equation (Dauncey et al, 1977) because in our opinion other equations proposed (Kabir & Forsum, 1993; De Bruin et al, 1995; Sheng et al, 1993; Davies & Lucas, 1990; Wenstrate & Deurenberg, 1989) , concern children at different ages. Our data apparently bear evidence of a lower total fat mass in children of mothers exposed to passive and light active smoking. The literature shows a signi®cant relationship between the following parameters: total fat mass, fat area of arm, triceps and biceps fat, triceps skinfolds and the sum of all skinfolds. It has also been suggested that there is a relationship between delayed intrauterine growth and the reduction of fat deposits (Ziegler et al, 1976) . In the groups of newborn infants of our study, passive and light-active tobacco smoke is shown to be responsible for a reduction of body fat, so our data also suggest a negative effect on fat mass. While Harrison et al, 1983 showed a reduction above all in the fat-free area of arm connected with tobacco exposure, deducing that smoking has an adverse effect on the muscular mass.
Conclusion
The important result to emerge from the study is the negative in¯uence of light active smoking, as in group 3 (`10 cigarettesad), and passive smoking, as in group 2, on intrauterine growth. The statistical difference between these two groups was not signi®cant; but its low statistical power enables us to value suf®ciently in what degree, Without question these results imply that smoking is a leading health-risk factor and that it affects various structures of our organism in different ways. The exposure of the foetus to light active smoking andaor passive smoking involves a reduction not only in weight but also in most auxiological parameters. As regards body composition, tobacco smoke seems to reduce the fat mass. The prevention of smoking during pregnancy is therefore extremely important as the health of the infant is in¯uenced by both light active and passive smoking.
